of dislocation screening. In this model, thermal Auctuations assisted by the applied stress drive the spontaneous generation of dislocations and the instability occurs well below the melting temperature. In the limit of zero stress, our model reduces to the Kosterlitz-Thouless theory of the melting transition, and, in the opposite limit of zero temperature, we obtain the Rice-Thomson result for the brittle-toductile transition. The brittle-to-ductile transition (BDT) is a classic phenomenon exhibited by almost all materials with the possible exception of fcc metals. The change in the fracture behavior from brittle cleavage to ductile failure occurs usually in a narrow range of temperature accompanied by a dramatic increase in the fracture toughness [1] and a concomitant large increase in the dislocation density [2] . In materials with low initial dislocation density (e.g., Si [2] ), the crossover is sharp (&5') and the transition temperature (T,) is roughly half of the melting temperature, whereas, in steels with high initial dislocation density, the transition is more gradual ((30') and occurs below room temperature [1] . T, is generally a function of the applied rate of stress intensity and its variation can be correlated with the temperature dependence of dislocation mobility in certain materials [2, 3] . The massive dislocation generation at T, is a necessary condition for the BDT. The strain-rate dependence of this behavior is an additional distinct feature associated with the transition.
In the existing models, the BDT is viewed either as a competition between crack propagation and thermally activated generation of a single dislocation at the crack tip [3 -6] or as a thermally activated generation of a single dislocation mobility-controlled dynamical process [7] .
The former describes the aspect of dislocation generation only while the latter considers the strain-rate dependence of T, assuming dislocation generation to be possible. The physical understanding of the phenomenon, however, remains incomplete because a thermally activated mechanism of dislocation generation or mobility does not lead to a sudden we11-defined transition at a characteristic temperature with a dramatic increase in the fracture toughness without imposing ad hoc conditions [6, 7] .
We propose here a model based on a new and different approach to the spontaneous generation of dislocations leading to the BDT. Unlike [9] in an entirely different context, namely, two-dimensional (2D) phase transitions.
In the K-T theory, the unstable generation of dislocations is driven by thermal fluctuations only, without the aid of an applied stress. It occurs close to the melting temperature and gives rise to a dislocation-mediated melting transition [10, 11] The latter gives rise to a "screened" interaction between the dislocation pair with opposite Burgers vector forming the test dipole, effectively lowering its self-energy [13] . (4) subject to the boundary conditions h(l = 0) = pq2/m. and y(l = 0) = exp( -PE, + aPbrp/2n. ).
In the presence of stress, we obtain a nonautonomous system of coupled nonlinear equations describing the scaling behavior of thermally nucleated dipoles, unlike the autonomous set (the K-T equations) obtained in the absence of stress [10, 13] . At 2 ) ' When o. = 0, the result in Eq. (5) i«he same» that obtained in the K-T theory [10] where it corresponds to a true fixed point of the renormalization equations. %e can also recover the well-known Rice-Thomson result [4] for the stress-induced instability of a single dipole at zero transition temperature by equating T, = 0 and (r, ) = 1 since there is no screening effect when only one dipole is present. We obtain a, = p, ob/2m(1 -. v) r, which is the critical stress for homogenous nucleation of free dislocations. The emission occurs preferentially at the crack tip due to the stress concentration.
If Kl is the elastic stress intensity factor [15] 
